An observer moving through the world must be able to identify and locate moving objects in the scene. In principle, one could accomplish this task by detecting object images moving at a different angle or speed than the images of other items in the optic flow field. While angle of motion provides an unambiguous cue that an object is moving relative to other items in the scene, a difference in speed could be due to a difference in the depth of the objects and thus is an ambiguous cue. We tested whether the addition of information about the distance of objects from the observer, in the form of monocular depth cues, aided detection of moving objects. We found that thresholds for detection of object motion decreased as we increased the number of depth cues available to the observer.
Introduction
When moving through the world, one must to be able to identify when an object is moving, how fast it is moving, and its position relative to the person viewing it. This is evident in everyday activities such as sports, driving, or even walking. For example, as a person walks in a straight path down the street, the images of stationary objects move across his or her retinas. In addition, he or she also sees people and cars moving about in their own directions and with their own velocities within the world. The images of these objects are projected onto the retina and form a 2-D pattern of motion on the retina known as the optic flow field. Under many conditions these optic flow patterns allow us to analyze the scene for such information as observer heading direction (Gibson, 1950; Gibson, 1966; Longuet-Higgins & Prazdny, 1980) , the location of moving objects (Hildreth, 1992; Royden & Holloway, 2014; Thompson & Pong, 1990) , and the relative depth of stationary surfaces in the scene (Gibson, 1950; Koenderink & van Doorn, 1976; Royden & Picone, 2007) . For example, for an observer moving along a straight path through a scene containing only stationary objects, the velocity vectors for the motion of the projected images form a radial pattern expanding out of a central point called the focus of expansion (FOE). One can use the location of the FOE to determine the direction of the observer's motion. Previous studies have shown that people moving in a straight line through a stationary scene can use optic flow information to judge their heading accurately (Royden, Banks, & Crowell, 1992; Royden, Crowell, & Banks 1994; van den Berg, 1992; Warren & Hannon, 1988; Warren & Hannon, 1990) . Judgments of heading remain accurate under most conditions when moving objects are in the scene (Royden & Hildreth, 1996; Warren & Saunders, 1995) . Here we further examine how people identify moving objects in the scene.
In theory, one can use the optic flow field to identify moving objects in the scene by locating objects whose motion deviates from the radial pattern resulting from the observer's motion. We have previously shown that people can identify moving objects in a radial flow pattern if the angle of their image motion deviates from the radial pattern (Royden & Connors, 2010) . We have also shown that people can detect a moving object in the scene if the object's image speed is significantly faster or slower than the image speeds of the stationary objects (Royden & Moore, 2012) . In the latter case, however, the speed information used to identify the moving object is ambiguous due to a phenomenon known as motion parallax, the fact that the image speeds of objects in the scene depend on the distance to the objects. That is, for an observer moving in a straight line and not moving his or her eyes, the image speeds of nearby objects will be faster than the image speeds of more distant objects (Rogers & Graham, 1979) . Thus, if an object's image is moving in a direction that is consistent with the radial pattern generated by observer motion, but with a faster or slower speed than other objects in the scene, this could indicate either that the object is moving independently in the world, or that it is stationary and at a different distance from the observer than the http://dx.doi.org/10.1016/j.visres.2016.05.002 0042-6989/Ó 2016 Elsevier Ltd. All rights reserved.
